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carina, rather sparsely punctate, sides pieces more coarsely and densely punc-
tate; abdomen moderately punctate. Length 9 mm.

Southwestern Texas (Chapman Grant).

A narrower and smaller insect than our other species of Plas-
tocerus from all of which it differs in the carinate prosternum. The
antennal rami are shorter, less densely ciliate and with shorter hairs
than in schaumii or megalops and are nearly as in frater.

THE ORDERS AND RELATIONSHIPS OF APTERY-
GOTAN INSECTS.

By G. C. CraMPTON,
AMHERST, Mass.

The ancestors of the Arthropoda were, in all probability, very
similar to Annelidan worms, and, although the Annelida, like all
recent forms, have developed many characters peculiar to themselves,
certain members of the group have preserved some exceedingly
primitive features, which enable us to infer what the ancestors of
Arthropods must have been like.

Although the discussion of the probable lines of descent leading
up to the development of the Insectan type of Arthropod is beyond
the province of the present paper, it may be remarked that the
“ Apodide” have departed but little from the condition which was
doubtless characteristic of the ancestral Crustacea, and such Crusta-
ceans as Apus and Branchippus (which are not far removed from
such Trilobites as Triarthrus, Neolenus and Nathorstia) have de-
parted but little from the probable ancestral condition of Arthropods
in general. These Crustacea and Trilobita, then, present as ﬁearly
as any Arthropods now known, the characters present in the earlier
forms, and enable us to gain some idea of what the common ancestors
of the Arachnida, Merostoma, Trilobita, Crustacea, “ Myriapoda ™
(sensu lato), Hexapoda, etc., were like.

1 Contribution from the Entomological Laboratory of the Massachusetts
Agricultural College, Amherst, Mass.
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In the development of recent Arthropoda, the lines of descent
which have the most closely paralleled the line of descent of the
Insecta, are those of the Crustacea, Diplopoda, Chilopoda and Sym-
phyla (see fig. 2). Indeed, the Crustacea, “ Myriopoda” ( i. ¢., Chi-
lopoda, Diplopoda, and Symphyla) and Insecta, may be regarded as
forming the three apices of a triangle, each of whose apices is con-
nected with the other two by mutual bonds of relationship. Among
the Crustacea, the Arthrostraca (e. g., Aunaspides, Koonunga, Bathy-
nella, etc.) and have retained certain characters suggestive of the
ancestral condition of insects, but, on the whole, the “Myriopoda "
(sensu lato) and Scolopendrella in particular, are more closely related
to the Insecta than any other Arthropods.

The parts of the head, legs, and abdominal appendages of the
Apterygotan insects are strikingly like the corresponding parts of the
“ Myriopoda,” and even with regard to their embryological details,
the Apterygota are very like “ Myriopods,” as has been pointed out
by Philiptschenko, 1912, Lignau, 1911, Heymons, and others.
Furthermore, the points wherein the Apterygota differ most from
higher insects, are those wherein they approach more closely to the
“Myriopoda” and Crustacea, and from the standpoint of compara-
tive anatomy and embryology, there can be no doubt that the Aptery-
gotan insects are the most primitive—and have therefore departed
the least from the probable 'ancestral condition of insects in general.

Despite the fact that the paleontological record is confessedly in-
complete, and notwithstanding the fact that such extremely fragile
and rare insects (for they have apparently never been very numer-
ous) could not be expected to leave many traces in the lower strata,
which have been subjected to great pressure and upheaval, Hand-
lirsch and his followers would use the lack of Apterygotan remains in
the earlier strata as an argument against the view that the Aptery-
gota should be regarded as the nearest living representatives of the
ancestors of the Pterygotan forms. In their efforts to widen the
gap between the Apterygota and Pteryigota, these authors would even
go so far as to remove the Apterygota from the class Insecta (or
Hexapoda) and would place them in a distinet class, or classes by
themselves! The fact remains, however, that from a morphological
point of view (and aside from the presence or absence of wings)
there is an infinitely wider gap between the Blattidee and Chalcidide—
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which Handlirsch and his followers unhesitatingly group in the same
class—than there is between the Blattide and Lepismatide
they would not group in the same class. In the same way, an imma-

which

ture Plecopteron such as a nymph of Peltoperla, is structually far
closer to Lepisma than it is to Pulex, or any of the higher Ptery-
gotan insects—and in the last analysis, comparative anatomy
(whether it be the comparative anatomy of embryos, or of living or
fossil adults) furnishes us with the only reliable material for de-
termining relationships!

Since the Apterygotan forms, such as Lepisma, etc., are so closely
related to the lowest Pterygota (such as the Blattide, nymphs of
Peltoperla, etc.) and since the various Apterygotan groups are
intimately bound together by intermediate forms—as is also the case
with the Pterygotan groups—the attempt to place the Apterygota in a
class, or classes, not included in the class Insecta, is wholly unwar-
ranted, and fails to take into consideration the fundamental struc-
tural similarities which underlie all groupings based upon relation-
ship! The Apterygota are as much “ Insecta” as the Pterygota are,
and if the Apterygota are to be split up into several “classes,” then
the Pterygota also must be split up into several “classes” in order
to be consistent. This, however, is neither necessary nor desirable,
since the grouping of the class Insecta into two sub-classes, the
Apterygota (or Apterygogenea) and Pterygota (or Pterygogenea)
is based upon structural similarities, and expresses the actual rela-
tionships with sufficient accuracy.

Prell's division of the Insecta into two subclasses, the Anameren-
toma (Protura) which exhibit a postembryonic increase in the
number of abdominal segments, and the Holomerentoma (all other
insects), which exhibit no postembryonic increase in the number of
abdominal segments, fails to take into consideration the close anato-
mical relationship of the Protura to such forms as Tomocerus, etc.,
which exhibit no such postembryonic increase in the number of
abdominal segments; and while Prell’s subdivision is very useful from
the standpoint of the study of the different types of “metamorphosis,”
the old subdivisions Apterygota and Pterygota (proposed by Brauer,
and modified by Lang) are more useful from the standpoint of the
study of relationships. In this connection, it may be further re-
marked, that in such Dipterous larvae as Scenopinus, Thereva, Bibio,
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Ceroplatus, etc., there is a sort of increase in the number of the
abdominal segments, by the interpolation of “intercalary” segments,
formed by the lengthening and demarcation of the intersegmental
region—although this is not strictly comparable to the type of true
segmental increase exhibited by the Protura.

Although the Apterygota form a well-defined group, quite distinct
from the Pterygota, I do not know of any key which will enable one
who has no preconceived idea of the true nature of an insect (espe-
cially with regard to the larval and wingless forms) to place it cor-
rectly in every case. [ would therefore offer the following key as a
purely tentative effort to supply this lack.

1. Mouthparts either retracted in cavity of head, or practically wanting, or

not mandibulate ... il i e e i ittt 2
Mouthparts not retracted in cavity of head, but mandibulate ............. 3
2. Ventral region of the abdomen bearing either styli, vestigeal legs or ven-
£ ) B LD Y AN Apterygota.
Abdomen without styli, vestigeal legs, or ventral tube .......... Pterygota.
3. Abdomen with more than one pair of styli .................. Apterygota.
Abdomen with at most one pair of styli, usually none ........ Pterygota.

The styli referred to in the preceding key, are paired, movable,
spine-like appendages, borne at the posterior margin of certain of
the abdominal sternites, and are not homologous wtih the entire
vestigeal legs, but are appendages of the basal segment of the legs,
and occur on the meso- and metathoracic coxae in such insects as
Machilis, and on the basal segment of the leg in certain “Myriopoda.”
The vestigeal legs mentioned in the key are true leg-vestiges—whether
they are homologous with the so-called false legs (pseudopodia) of
larval Lepidoptera, etc., has been questioned. The ventral tube
(which represents the united vestigial legs of the first abdominal
segment) is an adhesive organ situated in the mid-ventral line of the
first abdominal segment, and may be large and columnar, or it may
be reduced to the merest vestige, requiring close scrutiny to detect it.

The Apterygota may be divided into two supersections, the Eusiy-
ligera, or styli-bearing Apterygota, and the Astyligera, or non-styli-
bearing Apterygota, according to the presence or absence of styli in
the two groups.

The styli-bearing Apterygota (Eustyligera) are also cerci-bearing
in all cases thus far observed, the non-cerci-bearing form “Aniso-
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sphera” described by Tomosvary as related to the Lepismatida,
having subsequently been proved to be a larva of the beetle Ceplien-
nium., The antenna are usually well developed and consist of more
than six segments. No postantennal organ has been observed in
members of this group.

The second super-section, or non-styli-bearing group (Astyligera)
usually lacks segmented cerci and forceps-like terminal abdominal
structures, in addition to the styli. The “cerci” of Tomocerus and
others of the group (to which Willem, Folsom, and others have called
attention) are not segmented, and there is some question as to
whether they are to be considered as strictly homologous with the
true cerci of the other forms, although this point has not been suffi-
ciently investigated to be definitely decided. The antenne may be
lacking in this group, but if present, are usually composed of not
“annulation,” or “ringing” of
the terminal segments, sometimes occurs. The postantennal organ,

more than six segments—although an !

or its homologue, is frequently present; but may be wanting.

All of the members of the non-styli-bearing group have mouth-
parts of the concealed type (i. e., entognathous or cryptognathous)
the mouthparts being retracted into the cavity of the head, as in
Eosentomon, Tonocerus, Entomobrya, etc. On the other hand, some
of the styli-bearing group have mouthparts of the concealed type (the
mouthparts being retracted into the cavity of the head, as in Cam-
podea, Japyx, etc.) while others of the group have mouthparts of the
exposed type (ectognathous or gymnognathous) as in Lepisma,
Machilis, etc.

There are apparently three main lines of evolution represented in
the Apterygota. In other words, the Apterygotan insects group
themselves about three principal centers. These are represented by
the Protura (e. g., Eosentoinon, etc.) the Rhabdura (e. g., Campodea,
etc.) and the Thysanura (Lepisma, etc.) and the insects forming
these groups may be regarded as representing the three principal sec-
tions of the sub-class Apterygota.

The lowest or most primitive section of the Apterygota com-
prises those insects which group themselves about the Protura (such
as Fosentowmon, Acerentomon, etc.) which have departed as little as
any from the probable ancestral condition of the group as a whole.
These insects form the section Proturadelplhia or “ Proturan-brother-
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hood ” and are characterized as follows. Styli absent, and segmented
cerci wanting, although unsegmented appendages termed “cerci”
may be present in such forms as Tomocerus, etc. Mouthparts of the
concealed type in all of the members of the group. Uropods, or
true abdominal legs usually present, either in the form of the vestigeal
abdominal legs of the Protura, or the modified abdominal legs which
form the ventral tube (columella), tenaculum, and springing appa-
ratus (or furcula) of the other members of the section. Antennz
may be absent as in the Protura, although Schepotieff, 1909, has
figured and described them for “ Protapteron ”—but this is stated to
be a “lapsus calami” by Prell, and others. In other forms the
antennz are usually short and composed of only six segments—al-
though an “annulation” of the terminal antennal segments occurs
in certain members of the group. The so-called “pseudoculus” of
the Protura, and the postantennal organ of the other forms, are
doubtless the homologues of Tomdsvary’s organ in the “Mpyrio-
poda.” In addition to this, the general character of the alimentary
tract, the reproductive organs, the segmentation of the egg, and the
embryological development, etc., of the members of this group,
clearly suggest “ Myriopodan’’ affinities. Some of the families con-
tained in this section (which is the only non-styli-bearing one) are
the Eosentomidae, Acerentomide, Neelide, Sminthuride, Achorutide,
Entomobryide, etc.

The second section (which is a division of the styli-bearing
Apterygota) comprises those insects which group themselves about
the Rhabdura (Campodca, etc.) forming the section Rhabduradelphia,
or “ Rhabduran-brotherhood.” In some respects, such forms as
Anajapyr are more primitive than the true Rhabdura (such as
Campodca), but the term Rhabdura, being better known, has, on this
account, been chosen to illustrate the group as a whole. In the insects
belonging to this section, styli are usually borne on the first seven
abdominal sterna, but may be lacking on the first (Campodea).
Cerci, in the form of paired segmented caudal filaments, or modified
to form the forceps-like terminal abdominal appendages of Japyx,
etc., occur in all of the members of the group thus far observed; but
a median unpaired terminal caudal filament (characteristic of the
next group to be considered) is always wanting. All of the mem-
bers of this section have mouthparts partially or wholly of the con-
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cealed type (entognathous or cryptognathous), but a postantennal
organ is usually wanting. Eyes arc absent in most of the members
of the group. The antennze are usually well developed and are
usually composed of many segments. Segmented uropods may occur
on the basal abdominal segment (as in Campodea) although they are
usually greatly reduced or lacking. IEversible sacs, etc., are found
on certain of the abdominal sterna in some members of the group.
There is usually a “Y ”-shaped suture in the meso- and metasternuni
(of the thorax), and a longitudinal cranial suture, together with a
transverse occipital suture, usually occurs in the insects of this sec-
tion. The tarsi are usually apparently one-segmented, and the
abdomen 1s composed of ten or eleven segments. Maxillary palpi
apparently one- or two-segmented. Abdominal ganglia seven or eight
in number. The principal families of this section are the Cam-
podeide, Projapygide and Japygide. The insects composing this
group might in some ways be regarded as occupying a position some-
what intermediate between the insects of the first section (Protura-
delphia) and the one next to be considered.

The third section (which is also a division of the styli-bearing
Apterygota) comprises those insects which group themselves about
the Thysanura (Lepisma, etc.) forming the section Thysanuradelphia,
or “ Thysanuran-brotherhood.” Such forms as Machilis, or Prema-
chilis, are more primitive, or have departed less from the ancestral
condition of the group, than the true Thysanura (such as Lepisma)
have, but the designation Thysanura, being the best known of the
terms applied to the members of the group, has been chosen to typify
the section as a whole. Styli are found at least on the terminal ab-
dominal segments of practically all members of the group, and in
certain forms, such as Machilis, Praemachilis, etc., styli are borne on
the coxz of the meso- and metathorax as well. Unlike the insects
of the preceding section, the members of this group usually possess
a median unpaired caudal filament, in addition to the paired caudal
filaments or cerci, although the cerci may be absent in rare in-
stances (Dasylepius). All of the insects belonging to this section
have mouthparts of the exposed type (ectognathous or gymnog-
nathous). Segmented uropods are usually absent, and postantcnnal
organs are wanting in the members of the group. The eyes are
usually well developed, although absent in some cases, and the
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antennz are usually well developed and are composed of many seg-
ments in most insects belonging to this section. When the caudal
filaments are short, the antenne are usually correspondingly reduced.
Protrusile sacs occur on certain of the abdominal sterna in some
cases. Tarsi two or three-segmented, and abdomen with traces of
eleven segments. Maxillary palpi four or five-segmented. Ab-
dominal ganglia eight in number. Some of the families belonging to
this section are the Machilide, Lepismatida, Gastrotheide, etc.

The relationships of these three lines of descent to the higher
insects, and to the other Arthropods are rather puzzling. It may be
remarked, however, that the Proturon type exhibits indications of
affinities with such Plecoptera as Capnia, Leuctra, etc., on the one
hand, and with such Crustacea as Bathynella and other Anomostraca
on the other. The Rhabduron type offers suggestions of affinities
with the Plecoptera (and the closely related Dermaptera) and with
the Symphyla such as Scolopendrella. The Thysanuran type ex-
hibits indications of a relationship with such Plecoptera as nymphs
of Peltroperla on the one hand, and with certain Crustacea, such as
Ligia, on the other. Since the Crustacea, “ Myriopoda” and Insecta
are so closely related, however, it is merely to be expected some of
the Apterygota would retain characters suggestive of a relationship
to the Crustacea while others show a marked relationship to the
“ Myriopoda,” since all are connected by mutual bonds of relation-
ship, and members of the Apterygota would naturally retain char-
acters suggestive of both Crustacea and “ Myriopods.”

The Rhabduran section is, on the whole, more closely related to
the Thysanuran section than to the Proturan section, but all three
lines are rather sharply demarked and apparently represent three
distinct lines of development, just as there are similar distinct lines
of development in the Pterygotan insects. These three sections, too,
exhibit differences of a greater value than that of distinct orders.
Indeed, there is a far greater difference between Machilis and Cam-
podea, than there is between Perla and Phasma, and the difference
between Machilis and Lepisma (or Nicoletia) is as great, or greater,
than that between Merope and Sialis. TFurthermore, if the latter
examples represent distinct orders, then Machilis and Lepisma should
be placed in distinct orders, to be consistent. The value which one
will attribute to these differences depends upon the individual him-
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self, and as long as human nature remains as it is, we will have some
who are “lumpers,” and some who are “splitters.” Of recent ento-
‘ ultra-conservative ” as to be
unwilling to admit of more than one Apterygotan order, the “ Aptera,”
are in a decided minority, and one is led to suspect that they have
either not made a detailed study of the insects in question, or an
overweening desire for °

3

mologists, however, those who are so

‘unity and simplicity ” has caused them to
cling to a system of classification but little removed from the ancient
Linnean one!

As time goes on, and as the structural details of the Apterygotan
insects have been more carefully worked out, it becomes more and
more evident that the general superficial resemblances between many
of the insects classed together in the older.groupings, are far out-
weighed by the differences in their morphological details. T would
therefore fully agree with Handlirsch and his followers (such as
Brues and Melander, Escherich, etc.) in their contention that the
heterogeneous collections of insects comprising the old “orders”
should be re-grouped into several distinct orders whose members are
more closely related.

In the following key, the greater part of the insects referred to
belong to distinct orders although I would not maintain that this is
true of all of them, as will be discussed later. In accordance with
the quite widely accepted custom, I have designated the Apterygotan
orders by terms ending in “-ura” (e. g., Protura, Rhabdura, Thy-
sanura, etc.), rather than by Handlirsch’s terms ending in “-oidea,”
since the latter termination is preémpted by groups of superfamily
rank (e. g., Muscoidea, Ichneumonoidea, etc.). Handlirsch’s method
of using a well-known family name to typify the group as a whole,
however, has much to recommend it, since it is self-explanatory, I
have therefore made use of a modification of this method in the
following key, merely for the sake of convenience, using the termina-
tion “oides” (rather than the preémpted termination “oidea”) in
connection with the name of a well-known family, thereby immediately
calling to mind the representatives of the group as a whole.

1. Styli and segmented caudal filaments or terminal forceps present........z
Styli and segmented caudal filaments or terminal forceps wanting........ 7
2. Mouthparts not retracted into cavity of head ............ ... ..t 3

Mouthparts retracted or concealed in cavity of head.................... 5
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3. With but one (the median) terminal caudal filament.

Dasyleptoides (Mononemura).
With three caudal filaments ..........cuiiiiierninenrninnenennnnnnns 4
4. Head in frontal view deeper than broad. Styliform appendage usually
found on coxa of meso- and metathorax. Tarsi usually three-segmented.
Machioides (Trinemura).
Head in frontal view broader than deep. No styliform appendage on coxa

of meso- and ‘metathorax. Tarsi usually two-segmented.
Lepismatoides (Thysanura).
5. Styli present on first abdominal sternum. Abdomen with terminal forceps,

or with segmented cerci .........coiviiieenenannnn 0 9800000006 ¢ 0 0 6
Styli wanting on first abdominal sternum. Abdomen with segmented cerci,
whose terminal segment is imperforate .... Campodeoides (Rhabdura).

6. Abdomen with segmented cerci whose terminal segment is provided with an
apical aperture ..........c.c.ieeenniaann Projapygoides (Prodicellura).
Abdomen with foreeps .............. ... .. Japygoides (Dicellura).

7. Vestigeal legs of first abdominal segment united and modified to form a
ventral tube (in some cases reduced to a mere vestige). Antenna usually
present. Abdominal segments usually not exceeding six in number....8

Vestigeal legs of first abdominal segment not united to form a ventral tube.
Antenna usually absent. Abdominal segments usually nine to twelve in
NUMDET 4 ettt tteenerenenneenoeeeonnnananan Eosentomoides (Protura).

8. Abdomen sub-cylindrical: segments usually distinct.

Entomobryoides (Euarthrura).
Abdomen sub-globular: segments wholly or in part grown together.
Smithuroides (Synarthrura).

There is some doubt as to whether the fossil Dasyleptide con-
stitute a distinct order, or are merely to be regarded as a suborder
of the forms with three caudal filaments. The Projapygide also
might better be regarded as a suborder of the Dicellura (Japygide),
than as a distinct order. Brues and Melander group them with the
Rhabdura (Campodeide) in an order in which the Japyigida are not
included; but if the Projapygide are not to be considered as forming
a distinct order, they should be grouped with the Dicellura (Japy-
gide), since their affinities are with the Dicellura, rather than with
the Rhabdura (Campodeide). Handlirsch and his followers regard
the Entomobryide and Sminthuride as representing distinct orders,
while Boerner (who gave them the names Arthropleona and Symphy-
pleona) regards them as representing suborders rather than as dis-
tinct orders.

It is possible that such insects as Troglopedetes (family Troglo-
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pedetidae), described by Joseph, may constitute an order or suborder ;
but, aside from the fact that they are strongly aberrant, blind forms,
with four-segmented maxillary palpi, the known details of their
anatomy are too meager to determine this point.

The relationships of the different groups are brought out in the
following descriptions, in which are discussed the more important
characters of the different groups, which could not be treated in
detail in the preceding key.

NoN-STYLI-BEARING APTERYGOTA (ASTYLIGERA).

I. Section Proturadelphia.

This section might be divided into two subsections, on the basis of
the presence or absence of the ventral tube (or its homologue), but
a further division is apparently unnecessary.

1. EosENToMOIDES (PROTURA).—Styli absent. Cerci, or forceps-
like terminal abdominal appendages, ventral tube, and springing
apparatus wanting. Mouthparts retracted in cavity of head. Labial
palpi present. Mandibles and labium somewhat similar to those of
Tomocerus, as is true of the ventral groove of the head region.
Postantennal organ (the “ pseudoculus™) wusually present. Eyes
wanting. The antenne described and figured for “Protapteron”
(Eosentomon) by Schopotieff probably belong to some other insect,
so that all members of the group thus far studied lack antenne, the
forelegs being modified to serve as tactile organs in the place of the
lost antennz. Abdominal segments of the adult insect usually twelve
in number, although at first only nine—a postembryonic increase in
the number of abdominal segments being peculiar to these insects.
The basal two or three abdominal segments usually bear vestigeal
legs. Abdominal ganglia usually six in number (Acerentulus). The
principal families contained in the group are the Acerentomide and
Eosentomide.

2. ExtoMmoBRYOIDES (EUARTHRURA).—Styli absent. Segmented
cerci, or forceps-like terminal abdominal appendages wanting. The
uropods (or abdominal legs) of the first abdominal segment are more
or less grown together and modified to form the ventral tube
(columella) whose vesicles are usually short and sac-like. The
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uropods of the third abdominal segment form the tenaculum, when
present, and those of the fourth or fifth abdominal segment form the
springing apparatus (furcula) when present. Mouthparts retracted
in cavity of head. Labial palpi wanting. Postantennal organ usually
present. Eyes present or absent. Antenne usually four- to six-
segmented. Head rounded and directed straight forward (prog-
nathous) or obliquely downward. Body comparatively long, and the
abdomen sub-cylindrical. Abdominal segments, which do not exceed
six in number, usually free or distinct (whence the name Euarthrura).
There is no postembryonic increase in the number of abdominal
segments. Abdominal ganglia wanting, or united with the last
thoracic ganglion. Heart with six pairs of ostia. The principal
families of the group are the Achorutide and Entomobryidee.

If the preceding group be regarded as of the value of an order,
it might be divided into two suborders as follows: (@) The “ Eupo-
dura,” including those forms in which the springing apparatus is
usually well developed, and is generally attached to the penultimate
segment (although in some Isotomas it is attached to the antepen-
ultimate segment). The head is directed obliquely downward, and
scales usually occur on members of this subdivision. Examples are
Isotoma, Orchesella, etc. (b) The “ Pauropodura,” including those
forms in which the springing apparatus is reduced or wanting, and
when present is attached to the antepenultimate instead of to the
penultimate segment. The head is directed straight forward, the
body is usually granular, and scales are absent. Examples are
Podura, Achorutes, Anurida, Neanura, etc.

3. SMINTHUROIDES (SYNARTHRURA).—Styli absent. Segmented
cerci, or forceps-like terminal abdominal appendages wanting. Uro-
pods of first abdominal segment more or less grown together and
modified to form the ventral tube, whose vesicles may be long and
tubular, or short and sac-like. Springing apparatus usually present.
Mouthparts retracted in cavity of head: Labial palpi wanting.
Postantennal organ usually absent. Antennz, with few exceptions,
elbowed and four-segmented. Head rounded and usually vertical in
position (i. e., directed downward). Body short and abdomen sub-
globular. Thoracic and abdominal segments more or less closely
united (whence the name “ Synarthrura”). No postembryonic in-
crease in the number of abdominal segments. Abdominal ganglia
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wanting (or united with the last thoracic ganglion). Heart extend-
ing backward only about one third the length of the abdomen, and
with only two pairs of ostia. Tracheal system usually wanting, but
when present is best developed in Sminthurus and Swminthurides.
There is no anastamosing between trachez of opposite sides of body
as in higher insects. The principal families of the group are the
Neelidze and Sminthuridz.

Of the three groups mentioned above, the Protura are by far the
most primitive, and have preserved many characters which were
doubtless present in the ancestral insects. The Euarthrura (or
Entomobryid group) are rather closely related to the Protura, but
represent a somewhat degenerate and specialized offshoot which
branched off from the Proturan line at a comparatively early period
of development, and has become specialized in a different direction.
The Synarthrura (or Sminthurid group) are very closely related to
the Entomobryid group; but on the whole are more highly specialized
than the latter.

StyLI-BEARING APTERYGOTA (EUSTYLIGERA).
II. Section Rhabduradelphia.

4. CampronEoIDES  (RirappURA).—Styli and paired segmented
cerci present, but median caudal filament wanting. Mouthparts re-
tracted into cavity of head. Apex of mandible dentate, with a
dentate plate attached below it. Maxillary palpi one-segmented.
Antennz slender, many jointed. Eyes and postantennal organ
usually wanting. Transverse occipital suture distinct, and occipital
region comparatively large. Body not scaled. Abdomen composed
of eleven distinct segments (the eleventh being very small and
reduced). First abdominal segment with a pair of uropods, or
vestigeal abdominal legs, but no styli occur on the first segment.
Styli and protrusile sacs usually occur on abdominal segments two to
seven, inclusive. The long slender segmented cerci have no opening
at the tip of the terminal segment for the discharge of glands (as
in the Projapygide). Anal laminz distinct. Abdominal ganglia
seven in number. Spiracles confined to the thoracic region (three in
number). Malpighian tubes represented by papillze. Ovaries simple,
without ovarioles. Heart with nine pairs of ostia. This order con-
tains the family Campodeidz.
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5. ProjArYGoIDES (PRODICELLURA).—Styli and segmented cerci
present, but median unpaired caudal filament wanting. Mouthparts
retracted, and mandibles similar to those of the preceding group.
Maxillary palpi two-segmented (?). Antennz rather robust, or less
slender than in preceding group. Eyes and postantennal organ
usually wanting. Transverse occipital suture not distinct, and occi-
pital region reduced. Body not scaled. Body composed of eleven
distinct segments, the eleventh being reduced and covered by the
tergum of the tenth. First abdominal segment with a pair of some-
what cylindrical or conical processes, one on each side of the mid-
ventral line: the first abdominal segment is also provided with a pair
of styli (absent in the preceding group) which are somewhat long
and cylindrical. Styli occur on abdominal segments one to seven
inclusive. Two rather short, robust cerci composed of fewer seg-
ments (about six in all) than in the preceding group, occur in these
insects, and the terminal segment of each cercus bears an opening at
the tip for the discharge of glands. Anal lamina distinct in adults.
Seven abdominal ganglia. Seven pairs of spiracles in abdominal
region. Malpighian tubules represented by five or six small short
tubes or papillee. Ovarioles present. Heart with nine pairs of ostia.
Foregut extends posteriorly to the fifth abdominal segment. This
group contains the family Projapygiide. Its position is intermediate
between the Campodeide and Japygide, the type of mandibles, the
segmented cerci, the presence of vestigeal malpighian tubules, etc.,
being Campodeidan characters; but the general character of the body
(and its appendages, other than the cerci) is much more like that
of the Japygide than the Campodeidz, and if the group is to be
regarded as a suborder rather than as an order, it should be placed
with the Japygide in the order Dicellura, instead of with the Cam-
podeide in the order Rhabdura—as Brues and Melander have done!

6. Japvcoipes (DIcELLURA).—Styli present, but the cerci have
become modified to form a pair of unsegmented terminal forceps-
like structures. Median terminal caudal filament wanting. Mouth-
parts retracted. Mandibles with dentate apex, but the dentate plate
found in the Projapygide and Campodeide is absent. Maxillary
palpi two-segmented. Antennz rather robust or less slender than in
Campodeide. Eyes and postantennal organ usually absent. Occi-
pital suture not distinct, and occipital region reduced. Body not
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scaled. Abdomen apparently composed of ten segments, the tenth
and eleventh being more or less closely united. First abdominal
segment with two submedian hairy papillee, and also bearing a pair
of short stout spine-like styli (unlike the rather long slender styli
of the Projapygide) which likewise occur on segments two to seven
inclusive. The cerci are represented by imperforate forceps-like
terminal appendages. Anal lamine not distinct in adults. Eight
abdominal ganglia. Seven pairs of spiracles in abdominal region.
Malpighian tubules wanting. Seven ovarioles present. Foregut ex-
tending posteriorly only to metathorax (not to fifth abdominal seg-
ment as in Projapygidae). This order contains the family Japygida
(to which may be added the Projapygide, if the latter are not to be
regarded as representing a distinct group).

The Campodeidee are more primitive than the Japygide, although
they are apparently not much (if any) more primitive than the Pro-
japygide. The Projapygidae, as was mentioned above, occupy a posi-
tion intermediate between the Japygide and Campodeide. They are
regarded by some investigators as the lowest of living insects but the
Protura are more primitive in many respects (although they have
become strongly modified in certain structural details). The Cam-
podeide and Projapygide may possibly be regarded as occupying a
position somewhat intermediate between the Protura and the next
group to be considered.

II1. Section Thysanuradelphia.

7. DasyLepToipES ( MoNONEMURA).—This group comprises the
family Dasyleptide founded on the fossil insect Dasyleptus lucast,
described by Brongniart as follows. Body cylindrical, tapering
posteriorly, and terminated by a single multiarticulate filament, which
is as long as the body. Antenne and legs robust. IHead quite large.
Prothorax very short, and meso- and metathorax, which are of equal
size, much longer than the prothorax. Abdominal segments ten in
number, and equal in size; the last, which bears a multi-articulate
filament, a little longer than the others. Some specimens appear to
have abdominal plates similar to those found in Machilis. The en-
tire body (antenne, legs, thorax and abdomen) covered with numer-
ous very short hairs. The body, including the terminal abdominal
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filament, varies from fifteen to twenty-two millimeters in length.
This insect resembles Lepisma and Machilis morphologically, but
differs from them in many respects chief among which is the occur-
rence of but a single caudal filament. This group contains the family
Dasyleptide. Although here ranked as an order, the group (which
is related to the Machilide) may possibly be of the value of suborder
only; but this point can be determined only upon a more detailed
study than has been given the subject by Brongniart.

8. Macuiromes (TriNEmURA).—Three caudal filaments (a
median unpaired terminal filament, and a pair of lateral filaments
homologous with the cerci) occur in this group. Head usually
directed downward (hypognathous), not flattened dorso-ventrally,
but laterally compressed, in frontal view deeper than broad. Eyes
usually large, and extending forward above the antennz are ap-
proximate or almost contiguous above. They are composed of rela-
tively numerous small ommatidia. Mouthparts of the exposed type:
maxillary palpi usually seven-segmented. Pronotum usually shorter
than mesonotum. Thoracic sterna not in the form of broad plates
overlapping the coxa somewhat laterally (as in the next group to be
considered). Coxa subcylindrical: those of the meso- and meta-
thorax usually provided with styliform appendages. Tarsi usually
three-segmented. Abdomen composed of eleven segments, the ter-
gum of the tenth not partially covering the eleventh. Body sub-
cylindrical, tapering posteriorly, and is usually clothed with scales.
Insects usually capable of springing. Abdominal ganglia eight in
number. Seven pairs of spiracles in the abdominal region. The
trachex of one side of the body do not anastomose with those of the
other side nor are those of the same side connected by longitudinal
trunks, the trachex being arranged segmentally. There are twelve
malpighian tubules. Ovaries wtih seven ovarioles. Heart with nine
pairs of ostia. This group contains the family Machilidz.

9. LerismaTopEs (THYSANURA).—Two segmented cerci, in addi-
tion to the median unpaired terminal caudal filament, occur in this
group. The unpaired median filament according to Heymons, is
merely a prolongation of the body which has become annulated, and
is therefore not strictly comparable to the paired filaments, which
are homologous with cerci. In this group, the head is usually directed
forward (prognathous) and is flattened dorso-ventrally, in frontal
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view broader than deep. Eyes, when present, always small and
situated on the side of the head, never extending above the antenna
or approximate above. They are composed of relatively few, large,
separate ommatidia. Mouthparts of the exposed type. Maxillary
palpi usually five-segmented (six-segmented in Thermophila). Pro-
notum usually longer than, or as long as the mesonotum. The
thoracic sterna usually in the form of broad plates projecting some-
what over the coxa laterally. Coxa usually broad and flattened;
those of the meso- and metathorax devoid of styliform appendages.
Tarsi usually two-segmented. Abdomen composed of eleven seg-
ments, the tergum of the tenth usually partially covering the eleventh.
Body usually depressed, or flattened dorso-ventrally, thus differing
from the more cylindrical Machilidae, although Ridley describes a
specimen of “Lepisma™ corticula of which he states that “the chief
peculiarity of this Lepisma is its very rounded back, resembling that
of a Machilis rather than that of a typical Lepisma.” The body is
usually scaled, although in such forms as Nicoletia and the Main-
droniide, the scales are absent. Brues and Melander are thus not
strictly correct in stating that in the members of this group “the
body is always clothed with scales” The number of abdominal
ganglia is eight, and there are eight pairs of spiracles in the ab-
dominal region. The trachea anastamose ventrally with those of the
opposite side of the body, and those of the same side are connected
dorsally by longitudinal trunks. Malpighian tubules six in number.
Ovaries with five ovarioles. Heart with nine pairs of ostia. The
principal families of this order are the Lepismatide, Nicoletide,
Maindroniide, and Gastrotheidee. With regard to the Gastrotheide,
it may be remarked that Silvestri, 1912,, has shown that these insects
belong to the Lepismid group, and that the supposed springing organ
described by Casey is the ovipositor, which is somewhat similar to
that of Atelura and related genera. Cook, 1901 (Proc. Ent. Soc.
Washington, IV, p. 53) considered it so different from other insects
that “ he thought it necessary in consequence, to admit at least a new
sub-order, which he would call Gastrotheoidea,” and Handlirsch,
1906, raised it to an order, although he thought this a matter of some
doubt. Silvestri, however, has shown that the insect in question is
one of the Lepismid group.
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SUMMARY.

The principal points brought out in the preceding discussion may
be briefly summarized as follows. Crustacca (e. g., Bathynella,
Anaspides, Ligia, etc.) “Myriopoda” (Scolopendrella, Scutigera,
etc.) and the lower insects (e. g., Eosentomon, Anajapyx, Machilis)
form the three apices of a triangle, each apex of which is connected
with the other two by mutual bonds of relationship. These three
groups are related to the Trilobita (such as Triarthrus, etc.), and
through the Trilobites they are rather distantly related to Limulus
and the Arachnids, but the Arachnid line of development diverges
markedly from that of the three groups mentioned above as shown
in fig. 2. The ancestors of Arthropods in general, were doubtless
related to Annelidan worms and to Peripatus.

The Apterygota have retained characters suggestive of both
Crustacean and Myriopodan affinities, and some of the Apterygotan
lines of development are nearer to the Crustacea than to the
“Myriopoda” in certain respects, while others are clearly much
nearer to the “Mpyriopoda.” The Apterygota as a whole doubtless
arose from ancestors occupying a position intermediate between the
Crustacean and ““ Myriopodan” lines of descent, as shown in the
diagram, fig. 2). The Apterygota are much more primitive than their
nearest Pterygotan relatives (the Blattids, Plecoptera and Epheme-
rids) and have departed the least from the probable ancestral condi-
tion of the Hexapoda, despite Handlirsch’s contention to the contrary.

There are three main lines of development (possibly only two) in
the Apterygota. These consist of the insects grouping themselves
about the Protura, Rhabdura, and Thysanura, and they are divided
into three sections termed the Proturadelphia, Rhabduradelphia, and
Thysanuradelphia. The first group constitutes the non-styli-bearing
Apterygota (Astyligera), while the last two constitute the styli-bear-
ing Apterygota (Eustyligera). These may be further divided into
seven or more orders represented by the Dasyleptide (?), Machilide,
Lepismatide, Campodeide, Japygide, Eosentomide, and Entomo-
bryide (with the Sminthuride 7).

As a whole, the Eosentomid group is the most primitive. The
Entomobryids, Sminthurids, etc., are rather closely related to the
Protura, but represent more or less degenerate offshoots which
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branched off at a comparatively early stage of development (see
fig. 1).

The “ Rhabduran ” insects with their concealed mouthparts, vesti-
geal first abdominal legs, etc., appear to approach the Proturan forms
on the one hand, and also lead up to the Machilis-like forms with
well-developed cerci, styli, etc., on the other: so that they might be
regarded as somewhat intermediate between the two groups, although
their closest affinities are with the Thysanuran group (i. e., Machilis,
Lepisma, etc.). Such forms as Anajapyx serve to connect the
Campodeide with the Japygide.

The Thysanuran group (Machilis, Lepisma, Nicoletia, etc.) ap-
proaches quite closely to the lower Pterygotan forms, the Plecoptera,
Blattide, and Ephemeride being as nearly related to them as any of
the Pterygota.

PTERYGOTA
LEPISMATOIIES G APODEOIDES FYeoTe
APYGOIIES
- JAPYGOIIE N MYRIOPODA
ARACHNIDA
0SENTONOTDES VEROSTOMATA
ENTOMOBRYOIDES TRILOBITA
SMINTHUROITES  ONYCHOPHORA
KNNELIDA
Fig. 1 Fig. 2

The relationships of the principal Apterygotan groups are repre-
sented in fig. 1, while in fig. 2 the lines of descent of the more im-
portant groups related to the Insecta have been shown. It is im-
possible to represent the rather complicated interrelationships of the
different groups in a figure drawn in one plane, since the various
lines of descent approach one another from different angles, and it
is practically impossible to represent this correctly without making
such an intricate crossing of lines as to render the diagram almost
unintelligible, and therefore useless. On this account, the discussion
given above rather than the diagram, should be taken as setting forth
the true relationships of the forms here described.



286

1900.

1901,

1901.

1901.

1903.

1903.

1904.
1899.

1905.
1906.
1912,
1901,

1907.

1913.

1870.

1903.

1910,
1890.

1894.

1908.

1908,

JournAL NEw YnrRK ENTOMOLOGICAL Sociery. [Vol XXIV.

BIBLIOGRAPHY.

AgrsoLoN. Papers on Collembola, in: Zool. Anz., Bd. 23, pp. 1-6, 57-60,
189-195, 265—269, 406—414, 427—431.

Apsoron, Ueber Neanura tenebrarum, etc.,, in: Zool. Anz., Bd. 24,
pp. 576—

AssoLoN. Ueber einige theils neue Collembolen, etc., in: Zool. Anz.,
Bd. 24, pp. 82—

ABsoLoN. Weitere Nachricht i1, europiische Hoehlencollembolen und
die Gattung Aphorura, in: Zool. Anz., Bd. 24, pp. 1-11.

AmsoroN., Untersuchungen #i. Apterygoten, in: Ann. k. k. Nat. Hof-
museum Wien, 18, pp. gI1—r111.

AGReEN. Z. Kenntn. der Apterygoten Fauna Siid Schwedens, in:
Stett Ent. Zeitsch., 64, pp. 113-176.

AGren., Lapplaendische Collembola, in: Arch. Zool., 1904, II, Nr. 1.

AsuMmeap. Uratrochelia, new order for Japyx, in: Proc. Ent. Soc.
Wash., 3, p. 327.

Axerson. Z. Kenntn. der Apterygotenfauna von Tvaerminne in:
Festschr. Palmen, Nr. 15, pp. 1—46.

AxELsON. Beitr, z. Kenntn. der Collembolenfauna der Umgebung
Revals, in: Acta Soc. F. F. Fenn., 28, Nr. 2, pp. 1—22,

BagNaLL. Some Primitive British Insects. I. The Protura, in:
Knowledge, London, N. S., 9, pp. 215—

Banks. Thysanura in: Proc. Acad. Sci., Washington, 3, 1901, pp.
541-546.

BaNTta. The Fauna of Mayfield’s Cave, in: Carnegie Inst. Washing-
ton, Publ. 67, pp. 1-114.

Bar. Beitr. z. Kenntn. der Thysanuren, in: Jen. Zeit. f. Naturwiss,
XLVIII, pp. 1—92.

BarBER. Luminous Collembola, in: Proc. Ent. Soc. Washington, Vol.
15, P. 46—50. .

Barrois. Developpement des Podurelles, in: Assn. Franc. Avanc.
Science, Ser. 7.

Bekker. Vergl. Anatomie der Kopfdriisen bei den Collembolen, in:
Maskva Dneon Zool. Otd Imp. Obsc. Jest., III, s, 1903, pp. 1-19,
1 Pl

BeckER. Zum Bau des Postantennalorganes der Collembolen, in:
Zeit. Wiss. Zool.,, XCIV, pp. 327-399.

BerGroTH. Note on Lepisma domestica in: Entom. Amer.,, VI, pp.
233

BerGroTii. Note on Thermobia furnorum, in: Entom. Monthly Mag.,
XXX, pp. 111-

BerLeEse. Osservazioni intorno agli Acerentomidi, in: Redia, V,
1908, pp. 110-122.

BerLESE. Nuovi Acerentomidi, in: Redia, V, 1, pp. 16-10.



Dec., 1916.] RELATIONSHIPS OF APTERYGOTAN INSECTS. 287

1909,

1912,
1900.

1901,

1901.

1901.

1901,

1902,

1902,

1903.

1904.

1905.

1906.

1909,

1008,

1900.

1910.

1913,

1913.

1910.

1892.

BerLESE. Monografia dei Myrientomata, in: Redia, 6, pp. 1-176, 14
Pls., 14 figs.

BerrLesE. Per la Corologia dei Myrientomi, in: Redia, 8, pp. 321—

BoerNER. Vorliufige Mitteil. z. Systematik der Sminthuride, etc., in:
Zool, Anz., 23, pp. 609—

BoerNER. Ueber ein neues Achorutidengenus Willemia, etc., in: Zool.
Anzeiger, XXIV, pp. 422-32, 9 figs.

BoernERr. Vorlaecufige Mitteil. ii, einige neue Aphorurinen und z.
Systematik der Collembola, in: Zool. Anz., 24, Nr. 633, 1901.

BoerNER. Z. Kenntn. d. Apterygoten-Fauna von Bremen, in: Bremen
Abh, Naturw. Verein., 17, 1901, pp. 1—140, 4 Pls.

BoerNER. Neue Collembolenformen u. zur Nomenclatur der Collem-
bola, etc., in: Zool. Anz., 24, pp. 696—

BoerNER. Die Gliederung der Laufbeine der Atelocerata Heymons,
in: Sitz. B. Gesell. Naturf. Fr. Berlin, 1902, pp. 205-229.

Boerner. U. das Antennalorgan III der Collembolen u. die syste-
matische Stellung der Gattungen Tetracanthella u. Actaletes, in:
Zool. Anz., 25, pp. 92—

BoerNER. Neue altweltische Collembolen nebst Bemerk. z. Systematik
der Isotominen u. Entomobryinen in: Sitzt. B. Gesell. Naturf.
Freunde zu Berlin, 1903, pp. 129-182, 1 Pl

BoErNER. Zur Systematik der Hexapoden, in: Zool. Anz., 27, pp. 511—
33.

BoerNER. Das System der Collembolen, in: Hamburg Jahrb., Wiss.
Anst., 23, 1905, Beiheft 2, 1906, pp. 147-186.

BoerNER. Das System der Collembolen, ete.,, in: Mitteil. Naturh.
Mus., 23, 1906, pp. 147—188. See also “ Collembola Symphypleona”
in Genera Insectorum, Fasc. 4s.

BoerNER. Neue Homologien zwischen Crustaceen u Hexapoden, in:
Zool. Anz., 34, Nr. 3/4.

BoerNER. Collembolen aus Siidafrica etc., in: Forschungsreise west-
lichen u. zentralen Siidafrica, ausgefuehrt in d. Jahr. 1903-1905, IV
Insecta.

BoerNER. Japans Collembolenfauna, in: Sitz. B. Gesell. Nat. Fr. Berlin,
1909, PP. 99—

Boerngr. Die Phylogenetische Bedeutung der Protura, in: Biol. Cen-
tralbl.,, XXX, pp. 633-641.

BoerNER. Die Familien der Collembolen, in: Zool. Anz., 41, pp. 315—
322,

BoernNER. Z. Collembolenfauna Javas, in: Gravenhage Tids. Ent., 56,
PD. 44-61.

BoeTrTGER. Das Gehirn eines niederen Insektes, Lepisma Saccharina,
in: Jen. Zeit. Naturw., 46, 1910, pp. 801-844, 2 Pls.

Borivar. Orthoptéres, in: Ann. Soc. Ent. France, LXI (page 34 on
Machilis’ eyes).



288 JournaL NEw York EntoMoLOGICAL Sociery. [Vol XXIV.

1887. BormaNs. Le Japyx, appartient-il a l'ordre des Orthoptéres, ou a
Tordre des Thysanoures, in: Ann. Soc. Ent. Belg., XXXI, C. R. pp.
Xcv—

1839. BourLET. Memoire sur les Podures, in: Mem. Soc. Sc. Agr. Arts.
Lille, Pt. 1, pp. 377-417, 1 PL

1841-1842. BOURLET. Memoires sur les Podurelles, in: Mem. Soc. Roy. Agr.
Sci. Arts, Douai, Annees, 1841-1842.

1901. Bovp. Collembola and Thysanura in the Nat. Hist. Glasgow, etc., in:
Brit. Assn. Adv, Sci., Glasgow, 1901, pp. 317—

1915. Bover. La mue chéz un Thysanoure due genere Machilis, in: Bull
Trimestriel, Soc. Hist. Nat. Toulouse, XLVI, pp. 92-98.

1869. BrAvER. Betracht. i, d. Verwandlung der Insekten im Sinne der
Descendenz Theorie, in: Verr. K, K. Zool. Bot. Gesell. Wien, 19,
pp. 299-

1885. BRAUER. Systematisch-zoologische Studien, in: SitzB. k. k. Akad.
Wiss. Wien, Math. Nat. Klasse, 91, 1 Abt., p. 237—413.

1826-1827. BreBissoN. Catalogue des Arachnides des Mpyriopodes et des
Insectes Apteres que l'on trouve dans le department du Calvados, in:
Mem. Soc. de Normandie, 1826-1827.

1885. BronGgNI1ART. Communication sur les Thysanures palaecozoiques (Dasy-
leptus Lucasi), in: Bull. Soc. Ent. France, Ser. 6, V, p. ci-cii. Also
in: Le Naturaliste, Paris, 7, pp. 05—

1882-1883. Brook. Notes on some little-known Collembola, and on the
British species of the genus Tomocerus, in: Jour. Linn. Soec., 17, pp.
19-25, PL. 1.

1883. Brook, A Revision of the Genus Entomobryia, in: Jour. Linn. Soc.
(Zool.), 17, pp. 270— ’

1915. Brues & MEerLanpeErR. Key to the Families of N. American Insects,
Boston, 1915.

1904. BrRUNTz. Les reins labiaux des Thysanoures, in: Arch. Zool,, Paris,
Ser. 4, 2, 1904, Note et revue LXXXIX-XCIII, Figs.

1908, BrUNTz. Les reins labiaux et les glandes cephaliques des Thysanures,
in: Arch. Zool. Exp. (4), o.

1908, BrunTz. Note sur 'anatomie et la physiologie des Thysanoures, in:
C. R. Soc. Biol. Paris, 64, p. 231—233.

18g9. Carr. U. Schweizerische Collembola, in: Rev. Suisse Zool., VI, p.
273-362, IX, pp. 243— . Also Inaug. Diss., Bonn., 1899.

1901. CarrL. Zweiter Beitrag z. K. der Collemolenfauna der Schweitz, in:
Rev. Suisse Zool,, ¢, pp. 243-278.

1903. CArL. Sur un organe embryonnaire chez un Collembole, in: Arch.
Sci. Phys. Nat. Geneve, Ser. 4, 15, 1903, C. R., pp. 601—

1912, Carorr. Contrib. alla conoscenza dei Collembola italiani, etc., in:
Arch. Zool, Napoli, 6, 1912, pp. 349-374, 3 Pls.

1897. CARrRPENTER. The Collembola of Mitchelstown Cave, in: Irish Nat., 6
pp. 225-257.

i



Dec., 1916.] RELATIONSHIPS OF APTERYGOTAN INSECTS, 289

1809. CarRPENTER & Evans. The Collembola and Thysanura of the Edin-
burgh District, in: Proc. Roy. Phys. Soc. Edinb., 14, pp. 221-266,
Pls. 5-8.

1900. CARPENTER. Collembola from Franz-Josef Land, in: Soc. Proc. R.
Dublin Soc., 9 (N. S.), Pt. 3, pp. 27—78, 18 figs.

1902, CARPENTER. Insecta Aptera, in: Rpt. Collections of Nat. Hist. in the
Antarctic Regions during the Voyage of the Southern Cross, pp. 221—
223, P1. XLVIL

1904. CarPENTER. Collembola, in: Fauna Hawaiiensis, 3, pp. 209—

1906. CARPENTER. Collembola from the S. Orkney Isds., in: Scottish Nat.
Antarct. Exped. Scotia Collections, Proc. R. S. Edinb., Session 1905—
1906, 26, Pt. 6, pp. 473—-483, 2 Pls.

1907. CarRpENTER. Contrib. to the Nat. History of Lambay Co. Dublin.
Aptera, in: Irish Naturalist, 16, pp. 54—56.

1890. Casey. Contributions to the Amer. Termitophilous Fauna, in: Ann.
N. Y. Acad. Sci., V, pp. 186— :

1889-1801. Caskv. Coleopterological Notices I-II, in: Ann. N. Y. Acad.
Sci., V, pp. 195—7, and p. 503 (Section V of Appendix) on Gastrotheus
termitarius.

1892z. Cravpore. The Embryology of the Apterygota, in: Zool. Bull,, 2, No.
2, pp. 69—

1898, Cravrpore. The Enibryology and Oogenesis of Anurida maritima, in:
Jour. of Morphol., 14, pp. 119-300, Pls. 20-25, 15 figs.

1910. CoLLINGE & SwuorsorHaM. The Apterygota of Hertfordshire, in:
Jour. Econ. Biol,, London, 5, 3, pp. 95-132.

1901. Cook. New Dicellura, in: Proc. Ent. Soc. Washington, 4 pp. 222-229.

1915. CraMpToN & Hasev. The Basal Sclerites of the Leg in Insects, in:

g Zool. Jahrb., Abt. Anat., Bd. 39, Heft 1, pp. 1—26, 3 Pls.

1915. Crampron. Notes on the Derivation of Winged Insects Through
Several Lines of Descent, in: Zeit. Wiss. Inscktenbiologie, Bd. XI
(1. Folge, Bd. XX), pp. 269-273.

1016. CramMproN. The Lines of Descent of the Lower Pterygotan Insects,
in: Ent. News, June and July, 1016.

1888. Darra Torre. Die Thysanuren Tirols, in: Ferd. Zeitschr., Ser. 3, 32,
pp. 147-160.

1895. Darra Torre. Die Gattungen u. Arten der Apterygogenea, in: 46
Programm d. k. k. Staats Gymnasiums in Innsbruck, pp. 1-23.

1903. DavexrorT. The Collembola of Cold Spring Beach, in: Cold Spring
Harbor Monographs, No. II.

1855, Dickie. Notes on the Homology of the Lepismide, in: Rpt. 2sth
Meeting Brit. Assn, Adv. Science, 1855, pp. 110-111.

1854. Erpirr. Einleitung z. Monographie der Thysanuren, in: Stett. Ent.
Zeit., 1854.

1903. ENDERLEIN. Die Insckten u. Arachnoiden der Kerguelen, in: Wiss.
Ergeb. deuts. Tiefsee Expedit. a. d. Dampfer Valdivia, 1898-1899, 3,
pp. 199-248, 6 Pls.



290 JournAL NEw YoRK ENTOMOLOGICAL Sociery, [Vol XXIV.

1903—-1906. EscuerLicH. Beitraege z. Kenntn. der Thysanuren, I Reihe,
in: Zool. Anz., 26, pp. 345-366; II Reihe, in: Zool. Anz., 30, pp.
737-749.

1905. EscuericH. Das System der Lepismatiden, in: Zoologica, Heft 43,
18, pp. 1-164.

1914. EscuereicH. Artikel Insekten, in: Handwoerterbuch der Naturwissen-
schaften, Bd. 5, pp. 457-512.

1901. Evans. Some Records of Collembola and Thysanura from the Clyde
District, in: Ann. Scot. Nat. Hist.,, No. 39, pp. 154—

1901. Evans., A Preliminary List of Collembola and Thysanura, in: Trans.
Perth Soc. Nat. Hist. Sci., III, pp. 150—

18g0. FErNALD. The Relationships of Arthropods, in: Johns Hopkins Univ.
Studies, 4, No. 7.

1846. Fircu. Winter Insects of Eastern N. Y., in: Amer. Jour. Sci. Arts,
S, DD. 474~ , PP. 52—

1896. ForsoM. New Smythuri, in: Psyche, 7, pp. 446-450, Pl. 10.

1896. Forsom. Neelus murinus, a new Thysanuran Family, in: Psyche, 7,
pp. 391-392, Pl 8.

1897-1899. Forsom. Japanese Collembola, in: Bull. Essex Inst., 29, pp. 51—
57, and Proc, Amer. Acad. Arts & Sci., 34, pp. 261-274, Pls, 1-3.

1899. Forsom. The Anat. and Physiol. of the Mouthparts of the Collembolan
Orchesella cincta, in: Bull. Comp. Zool. Harvard, 25, pp. 7-39.

1900. ForsoM. The Development of the Mouthparts of Anurida maritima, in:
Bull. Mus, Comp. Zool. Harvard, 36, pp. 87-157.

1901. Forsom. The Distribution of Holaretic Collembola, in: Psyche, 9, p.
150-162,

1901. Forsom. Review of the Collembolan Genus Neelus and Description of
N. minutus, in: Psyche, 1901, pp. 219-222, Pl. 2.

1902. ForsoMm. Papers from the Harriman Alaska Expedition, XXVII, Ap-
terygota, in: Proc. Washington Acad. Sci., 4, pp. 87-116, 4 Pls.

1913. Forsom. North Amer. Springtails of the Sub-family Tomocerinae, in:
Proc. U. S. Nat. Museum, 46, pp. 451472, Pls. 40~41.

1916. Forsom. N, A. Collembolous Insects of the Subfamilies Achorutinz,
Neanurine, and Podurinz, in: Proc. U. S. Nat. Museum, Vol. 50, p.
477~525, Pls. 7-25.

1854. Fravenrierp. U, Tritomurus scutellatus, ete, in: Verr. Wien Zool.
Bot. Verein, 4, pp. 15-17.

1893. Gapeau pE Kervipe. Note sur les Thysanoures fossiles du genre
Machilis, in: Ann. Soc. Ent. France, 1893, pp. 463—

1915. GARDNER. Some Notes on the Distribution of Cinura in the Vicinity
of Claremont, with Description of a New Species, in: Jour. Ent. &
Zool., 6, pp. 86—92.

1842. Gervais. Une quinzaine d’especes d’Insectes aptéres, in: Ann. Soc.
Ent. France, XI, Bull,, pp. xIv—- .

1844. Gervars. Histoire Naturelle des Insectes aptéres, in: Suites a Buffon-
3, Paris, 1844.



Dec., 1916.] RELATIONSHIPS OF APTERYGOTAN INSECTS. 291

1844. Gervais. Thysanoures, in: Walckenaer, Hist. Nat. Insect. Apteres, 3,
pp. 377-456.

1844. Grassi. Breve Nota intorno allo Svilluppo degli Japyx; Catania, 1884.

1884. Grassi. Notice préliminaire sur 'anatomie des Thysanoures, in: Arch.
Ital. de Biol., 5, pp. 381~389.

1885—1890. Grassi. I Progenitori degli Insetti e dei Miriopodi, L’Japyx et
la Campodea, in: Atti d. Accad. Gioenia di Scienze Naturali in
Catania, Ser. 3, XIX, pp. 83, Pls. I-V. Also Bull. Soc. Ent. Ital.
Firenze 1886, and Estr. Naturalista Siciliano, Palermo, 18go.

1886. Grassi. Cenni anatomisi sul genere Nicoletia, in: Bull. Soc. Ital., 18.

1886. Grassi. Contrib. allo Studio d. anatomia d. genere Machilis, in: Atti.
Accad. Gioenia Sci. Nat. Catana, Ser. 3, 14, 1886.

1887. Grassi. Anat. Comparat. d. Tisanuri e Consid. gen. sull’organizzazione
degli Insetti, in: Atti. d. R. Accad. d. Lincei, Memorie Ser. 4, 4, pp.
543— . Also in Archiv. Ital. Biol., 1889.

1888, GRrassi. Morfologia delle Scolopendrelle.

1889. Grassi. Les ancetres des Myriopodes, etc., in: Arch. Ital. Biol. 21,
5 Pls.

1890. Grasst & Roverrr. 11 Sistema dei Tisanuri ete., in: Natural. Sicil,, 9.

1903. GRUENBERG. Die Homologie des Trochanters bei Chilopoden u. Insek-
ten, in: SitzB. Ges. Nat. Fr. Berlin, Nr. 2, pp. 74-82.

1903. GuTHRIE. Collembola of Minnesota, in: Geol. Nat. Hist. Survey of
Minnesota, Zool. Ser. 4, 1903, pp. 1-110.

1903—-1904. GuTHRIE. The Furcula in the Collembola, in: Des Moines Proc.
Iowa Acad. Sci., 11, 1903, 1904, pp. 69-93, Pls.

1906. GutHriE. The Collembolan Eye, in: Proc. Iowa Acad. Sci, 13, pp.
239-243.

1886. Haase. U. d. Vorfahren der Insekten, in: SitzB. u. Abh. d. Naturw.
Gesell. Isis in Dresden, Abh. 11, pp. 85—

1883. Haase. U. d. Respirationssystem d. Symphylen, etc., Rev., in: Zool.
Anz., 1883, pp. 15—

1889. Haase. Die Abdominalanhaenge der Insekten, etc., in: Morph. Jahrb.,
15, 1889.

1864. Haripavy. Japyx, a New Species belonging to the Stirps of Thysanoura,
etc., in: Trans. Linn, Soc. London, 24, Pt. 3, pp. 441—

1865. Harmay. On Dicellura, a new Genus of Insects, etc., in: Jour. Proc.
Linn. Soc. Zool., 8 pp. 31-32. 162.

1904. HaLLER. Allgem. Bauplan d. Tracheaten Syncerebrums, in: Arch.
Mik. Anat., 65, pp. 181—

1903. Hanprirscu. Z. Phylogenie der Hexapoden, in: SitzB. Akad. Wiss.
Wien, 112, pp. 716-738. Also Zool. Anz., 27, 1904, Pp. 733—759.

1904. HaxpLIRSCH. Zur Systematik der Hexapoden, in: Zool. Anz., 1904,
pp. 733 (753-57).

1906—1909. HaxprLirscH. Die Fossilen Insekten, etc., Leipzig.

1893. Haxsex. Z. Morphologie der Gliedmassen u. Mundtheile bei Crusta-
ceen u. Insekten, in: Zool, Anz., 16, pp. 193—198, zo01-212.



292 JournaL NEw York EnTOMOLOGICAL Sociery. [Vol XXIV.

1844. Harris., Cucumber Skippers, in: Mass. Ploughman, 3, No. 42.

1891. HArVEY. On Amer. Species of Templetonia, in: Ent. News, 3, pp. 57—

1894. HarveEy. The Amer. Species of the Genus Seira, in: Psyche, 7, pp. 159~

1900. Harvey. New Maine Collembola, in: Ent, News, 11, pp. 549-553, Pl. 15.

1904. HENNINGS. Tomoswarische Organ der Myriopoden, in: Zeit. Wiss.
Zool., 76, pp. 26-52.

1870. Hewzi. U. Podura similata, in: Mitt. Naturf. Gesell. Bern, 1870.

1865. HErRMANN., Weitere Beobacht. ii. Podura, in: Verh. Zoo. Bot. Gesell.
Wien, 15, pp. 485—490.

1855. HEYDEN. Nachricht 4. eine in Gesellschaft d. Ameise lebende Lepis-
mine, in: Stett. Ent. Zeit., 16, pp. 368-

1896. HEevymoxs. Beitrag zur Entwicklungsgeschichte der Insecta aptery-
gota, in: Sitzb. Akad. Berlin, Bd. LI.

1897. HEevmoxs. Entwicklungsgeschichtliche Untersuchungen an Lepisma,
in: Zeit. Wiss., Zool,, Bd. LXII, pp. 614-618,

1897. Hevmons. U. d. Bildung u. d. Bau des Darmcanals bei nicderen In-
sekten, in: Sitzb. Gesell. Naturf. Fr. Berlin, 1897, pp. 111—

1905. HEeywmons. D. Entwicklungsgeschichte von Machilis, in: Verh. D. Zool.
Gesell, Leipzig, 15, 1905, pp. 123—135.

1906. Hevmoxs. U. d. ersten Jugendformen von Machilis alternata, in:
Berlin, Sitzb. Gesell. Naturf. Fr., 1906, pp. 253-259.

1909. Heymons. Collembola, in: D, Siisswasserfauna Deutschlands, 7, Jena,
1909, p. 1—16.

1913. Hirton. The Central Nervous System of Aphorura, in: Jour. Ent. &
Zool,, 5, No. 1.

1914. HirtoN, The Nervous System of Neanura Gigantea, in: Jour. Ent. &
Zool., 6, pp. 9597, 1 Fig.

1905. Horrmann. U. d. Ventraltubus von Tomocerus, ete., in: Zool. Anz.,
28, pp. 87-116, Figs.

1905-1908. Horrmann. U. d. Morphologie u. d. Funktion der Kauwerk-
zeuge von Tomocerus plumbeus, in: Zeit. Wiss. Zool.,, Bd, LXXXII &
LXXXIX.

1911. HorrFMmaNN. Z. Kenntn. d. Entwicklungsgeschichte der Collembolen,
etc., in: Zool. Anz., Bd. 37, pp. 353-377.

1906, IMms. Anat. & Development of Anurida maritima, etc., in: L. M. B.
C. Memoir 13, pp. 1-99, 7 Pls.

1912. Imms. On Some Collembola from India, etc., in: Proc. Zool. Soc.
London, 1912, pp. 8o-125, Pls, VI-XII,

1906, Jackson., Key to the Families and Genera of the Order Thysanura
(a translation of Dalla Torre), in: Ohio Nat., 6, pp. 545-540.

1872, JoseErH. Beobacht. ii. Lebensweise u. Vorkommen der in den Krainer
Gebirgsgrotten einheimischen Arten der Dblinden Gattungen Machae-
rites, Leptoderus, Oryotes, Troglorrhynchus, in: 49 Jahresb. Schles.
Ges. Vaterl. Kultur, pp. 180-

1882, JosepH. System. Verzeichnis der in den Tropfstein-Grotten von Krain
einheim. Arthropoden, ctc., in: Berlin, Ent. Zeit., 26, pp. 24—31.



Dec., 1916.] RELATIONSHIPS OF APTERYGOTAN INSECTS. 293

1882, Josepm. Mitteil. i1, ein in der Grotten von Krain entdecktes unge-
fluegeltes Insekt, in: 59 Jahresh. Schles. Gesell. Vaterl. Kultur, 1882,

1888. JourpaiN. Notice prélim. sur Machilis maritima, in: C. Rend. CVI,
p. 623.

1884. KingsLey. A Possible Sense Organ in Campodea, in: Am. Nat., 18,
pp- 540—

1912. KoroTHNEFF. Discussion of position of Protura, which he thinks are
near Chilopoda, in: Verh, 8 Internat. Zool. Kongr. Gratz, Jena,
1912, Pp. 595—

1898. KrausBaUER. Neue Collembolen aus d. Umgebung von Weilburg, in:
Zool, Anz., 21, pp. 495—-499, 501-504.

1864. LABOULBENE. Recherches sur I'’Anurida maritima, in: Ann. Soc. Ent.
France, Ser. 4, Tome 4, pp. 704—720.

1888. Lancg. Handb, der Vergl. Anatomie, Jena, 1888.

1832. LaTeriLLE. De lorganisation extérieure et comp. des Insectes de
T'ordre des Thysanoures, in: Nouv. Ann. d’Hist. Nat., Tome 1.

1907. Latzer. Papers on Collembola occurring on snow, in: Carinthia II,
Klagenfurt, 07, pp. 54-71, 145-173.

1001. LecaiLron. Recherches sur l'ovaire des Collemboles, in: Arch. Anat.
Micr., Paris, 4, pp. 471-610, 4 Pls.

1902. LecaiLron. S. 1. disposition, structure et fonctionnement de I'appareil
reprod. male des Collemboles, in: C. R. Assn. Anat. Montpellier, 4,
pp. 132—136, also in: Bull. Soc. Philom., Paris, 9 Ser., 4, pp. 99—

1002. LEecaiLrLon. Sur le testicule d’Anurida maritima, in: Bull. Soc. Ent.
France, 1902, pp. 64—

1882. LemMoINE. Rech. s. 1. developpement des Podurelles, in: Assn. Fr.
Avanc. Sci., Congres de la Rochelle, 1882, pp. 1—40.

1894. LEevanper. FEinige Biol. Beobachtungen i, Sminthurus apicalis, in:
Acta Soc. pro Fauna et Flora Fenn., 4, 1894.

1896. Lie-Perrerson. Norges Collembola, in: Bergens Mus. Aarb., 1896,
Nr. 8, pp. 1-24.

1898. LIe-PETTERSEN. Apterygogenea, etc., in: Bergens Mus. Aarb., 1898,
Nr. 6, pp. 1-18.

1866. LiegeL. U. d. Ausstillpungsapparat von Machilis, etc., Inaug. Diss.
Hannover, 1866.

1907—-1912. LINNANIEMI. D. Apterygoten-Fauna Finlands, I Allg. Teil, Hel-
singfors; II Spez, Teil, in: Acta Soc. Sci. Fenn., 40, pp. 1-361.

1909. LinnanNtemi. Z. K. d. Collembolen-Fauna der Halbinsel Kanin, etc.,
in: Acta Soc. F. F. Fenn., 33, Nr. 2, pp. 1-17.

1911. Linnaniemi. Z. K. d. Apterygotenfauna Norwegens, in: Bergens Mus.
Aarb., 1911, Nr. 1, pp. 1—28.

1804. LoEx~BERG. Florida Aphoruridae, in: Can. Ent., 26, pp. 165-166.

1862-1869. Lussock. Notes on the Thysanura, in: Trans. Linn. Soc. Lon-
don, 23, pp. 429—448, 589-601, 26, pp. 295—304, 27, pD. 277—297. Pls.

1873. LusBock. Monograph of the Collembola and Thysanura, in: Roy. Soc.
London, 1873, pp. I-X, 1-276. Pls, 1-78.



294 JournAL NEW YorRK ENTOMOLOGICAL Sociery, [Vol XXIV.

1873. LueBock. On the Origin of Insects, in: Jour. Linn. Soc., 11, pp. 422— *

1874. LusBock. The Origin & Metamorphoses of Insects, London, 1874.

1808. LuBsock. On Some Spitzbergen Collembola, in: Jour. Linn. Soc.
(Zool.), 26, pp. 616~

1842. Lucas. His. Nat. des Crustacées, des Arachnides, des Myriapodes et
des Insectes Thysanures, Paris, 1842.

1843. Lucas. Observations sur les travaux qui depuis Latreille ont été
publies sur l'ordre des Thysanures, etc., in: Ann. Soc. Ent. France
(2), 1, pp. 269—

1862. Lucas. Note sur le Machilis maritima, etc., in: Rev. Mag. Zool,, 4,
pp. 481—

1891. MacciLrivray. A Catalog of the Thysanura of N. A,, in: Can. Ent.,
23, pp. 267—-276.

1803—-1804. MacciLLivray. N. A. Thysanura, in: Can. Ent., 25, pp. 127-128,
173-174, 218-220; 313—-318; 26, pp. 105-110.

1896, MacciLLivrRay. The American Species of Isotoma, in: Can. Ent., 28,
pp. 47-58.

1869. MarrLaTT. The American Springtail, in: Am. Nat., 31, pp. 163—164.

1902. MarratT. The Silver Fish Lepisma saccharina, in: Circ. 49, U. S. D. A.

1880-1881. Marguanp., Thysanura, etc.,, of Lands End District, in: Rpt.
Trans. Penzance Nat. Hist. Soc., pp. 52—

1881. MEeabpeE. The Generic Term Degeeria, in: Ent, Month. Mag., 18, p. 19.

1878. MgeceNiIN. S, u. petite Podurelle parasite sur le cheval, in: Ann. Soc.
Ent. France (5), 8, Bull. pp. cxiii—

1901. MEerjere., U. d. letzte Glied d. Beine bei d. Arthropoden, Zool. Jahrb.
Anat. 14, pp. 417—

1867. MEeiNErRT. On the Campodea, etc., in: Ann. Mag. Nat. Hist. (3), 2o,
pp. 361-378.

1871. MEeINERT. Om Kjoensorgerne og Kjoensstoffernes Udvikling hos Ma-
chilis polypoda, in: Naturh. Tidsk., 3 R. 7 B., Kjobenhavn, 1871, pp.
175-186.

1807. MEeINERT. Neuroptera, Pseudoneuroptera, Thysanopoda, Mallophaga,
Collembola, ete., in: Vid. Med. Naturh. Foren. Kjobenhavn, 1896, pp.
167-173.

188g. Moniez. Notes s. I, Thysanures, in: Rev, Biol. Nord France, 2, pp. 24—

; pP. 365— 5 PP. 420—  ; 3, PP. 64— ; pp. 68—~ ; etc.

1804. Mon1ez. Sur quelques Arthropodes trouvés dans les fourmiliers, in:
Rev. Biol. Nord France, 6, pp. 201—

1913. NaBerT. Corpora Allata d. Insekten, in: Zeit. Wiss. Zool., 104, pp.
181-358.

1887. NassoNow. On the Morphology of the lowest insects, Lepisma, Cam-
podea and Lipura (in Russian), in: Studies from the Lab. of the
Zool. Museum, Moskau, 1837, Tome 3, Fasicle 1, pp. 14-8s.

1914. NEwcoMER. Notes on Digestion and Digestive Epithelium in Insects,
in: Ann. Ent. Soc. America, 7, No. 4, p. 311—-320, Pl. XLI. (Treats
of Japyxr and Lepisma.)



Dec., 1916.] RELATIONSHIPS OF APTERYGOTAN INSECTS. 295

1841. NicoLer. Recher. p. s. a l'histoire des Podurelles, in: Nouv. Mem.
Soc. Helv. Sci. Nat., 6, pp. 1-88. (18427?)

1847. NicorLer. Essai s. u. classification des Insectes aptéres de I'ordre des
Thysanoures, in: Ann. Soc. Ent. France, Ser. II, s, pp. 335-395, PL

1851. NicoreT. Les Thysanoures, in: Gay Hist. fis, de Chile, 4, 1851.

1862. OLFERS. Annotationes ad Anatomiam Podurarus, Inaug. Diss. Berlin,
1862.

1906. OLFERs. Fliigellosen Arthropoden des Bernsteins, etc., in: Koenigs-
berg Schr. physik. Ges., 46, 1903-1006, pp. 100—104.

1907. OLrFErs. D. Ur-Insekten im Bernstein; Schr. Koenigsberg, 1907.

1887-1888. Oupemans. Beitr. z. K. der Thysanura u. Collembola, in: Bidr.
tot d. Dierkunde, Amsterdam, 1887, pp. 149-226. (Also Zool. Jahrb.
1887.)

1889. OupeEmaNns. U, d, Abdominalanhaenge einer Lepismide (Thermophila),
in: Zool. Anz., p. 353.

1890. Oubemans., Einige Bemerk, ii. d. Arbeit von Grassi u. Rovelli “Il
Sistema dei Tisanuri,” in: Natur. Siciliano, 9, Palermo.

1890. OubpEMANS. Apterygota des Indischen Archipels, in: Weber’s Zool.
Ergebn. Reise Nederl. Ostindien, Bd. 1, pp. 73-92, Pls. 6-7, Leiden.

1896. OQuDEMANS. Systematische Beschrijving der in Niederland voor-
komende Thysanura, in: Tids. Ent. Niederl. Ent. Vereen, 38, D., 4
Afl., pp. 164-178, 6 figs.

1870. Packarp. Embryology of Isotoma, a Genus of Poduridae, in: Proc.
Boston Soc. Nat. Hist., 1870.

1870. Packarp. New or Rare N. Amer. Neuroptera, Thysanura and Myrio-
poda, in: Proc. Bost. Soc. Nat. Hist., 13, pp. 409~

1871. Packxarp. Embryological Studies on the Thysanourous Genus Isotoma,
in: Mem. Pcabody Acad. Sci., 1, 1871.

1871. PAcCkArD., Bristletails and Springtails, in: Am. Nat., 5, 1871.

1873. PACkARD. Ancestry of Insects, in: Mem. Peabod. Acad. Sci., 1873.

1873. PAckArD. Synopsis of the Thysanura of Essex County, Mass., in: Rpt.
Peabod. Acad. Arts & Sci. (5th Ann. Rpt. Trust. Peabod. Acad.), pp.
23-51.

1877. Packarp. On a New Cave Fauna in Utah, in: Bull. Haydens U. S.
Geol. Geogr. Survey, 3, 157-169.

1884. Packarp. Thysanura, in: Standard. Nat. Hist., 2, pp. 135-138.

1886. Packarp. The Cinerous Thysanoura and Symphila of Mexico, in: Am.
Nat., zo0, p. 382.

1888. Packarp. The Cave Fauna of N, America, in: Mem. Nat. Acad. Sci.,
4, Pt. 1, pp. 1-156.

1891. ParriTT. Devon Collembola and Thysanura, in: Rpt. Devon Assn,, 23,
PD. 322—

1875. Parona. Delle Poduridi e specialmente di quelle raccolte a Pavia, in:
Ann. Sc. r. ist. tec. Pavia, 1875, pp. 87-119, 2 Pls.

1878-1879. Parona. Collembola, Saggio di un Catologo delli Poduridi
italiano, in: Atti Soc. Ital. Sci. Nat., 21, Milano, 1879, pp. 559-611.



296 JournaAL NEw York ENTOMOLOGICAL Sociery, Vol XXIV.

1883. Parona. Di alcune Collembola, etc., in: Ann. Mus. Civ. St. Nat.
Genova, 18, pp. 453-64.

1884. ParonNa. Sopra alcune Collembola e Thysanura di Tunisi, in: Ann.
Mus. Civ. Stor. Nat. Genova, Ser. z, Tome 1.

1885. Parona., Collembola e Thysanura di Sardegnia, in: Atti. Soc. Ital. Sci.

Nat., T. 27
1887. Parona. Note sulle Collembola e sui Tisanuri, in: Ann. Mus. Civ.
Genova, 24, pp. 475— ; 26, pp. 78—

1888. Parona. Collembole e Tisanuri riscontrate in Liguria, in: Ann, Mus.
Civ. Stor. Nat. Genova, Ser. 2, T. 6 (26), pp. 133-154, Pls. 1-2.

1892. ParonNA. Di alcuni Tisanuri e Collembole della Birmannia, in: Atti.
Soc. Ital. Sci. Nat., 34, pp. 123— (18937).

1894. Parona. Elenco di alcune Collembole dell’ Argentina, in: Ann. Mus.
Civ. Stor. Genova, 34, pp. 696~

1904—1905. PHILIPTSCHENKO, On the Anatomy of Campodea staphylinus (in
Russian), in: Trav. Soc. Nat. St. Petersburg, 35, pp. 440-454 (German
resume pp. 455-456).

190s. PHILIPTSCHENKO. The lower insects in the vicinity of Bologoje (in
Russian), in: Trav. Stat. Biol. Soc. Nat. St. Petersburg, T. II.

1906, PHILIPTSCHENKO. Anatomische Studien ii. Collembola, in: Zeit, Wiss.
Zool., Bd. LXXXV.,

1007—-1912. PHILIPTSCUENKO. Beitraege z. Kenntn. der Apterygoten, in:
Zeit. Wiss, Zool,, Bd. LXXXVIII, pp. 9g-116, Bd. XCI, pp. 93-111,
Bd. CIII, pp. s19—660.

1912, PuirierscHeNko. Z., Kenntn. der Apterygotenembryologie, in: Zool.
Anz., Bd. 39.

1897. YoprrE & ScHAEFFER. D. Collembola der Umgebung von Bremen, in:
Abh, Naturw. Verein Bremen, 14, pp. 265—272.

1911-1912, PRELL., Beitraege z. K. der Proturen, in: Zool. Anz., 38, 1911, pp.
185-193, I; 1912, Bd. 39, pp. 357-365, 1I; 1012, Bd. 40, pp. 33-50, III.

1913. PrerLr. D. Chitinskelett von Eosentomon, in: Zoologica, Heft 64, 58
pp., 4 Pls.

1909. Procunow. Z, Biologie von Podura, in: Ent. Zeit. Stuttgart, 22, 1909,
pp. 191—

1899-1900. Prowazrk. Bau u. Entwicklung der Collembola, in: Arbeit. Zool.
Inst. Wien, 12, pp. 335—

1907. PrizisraM. Regenerationsversuche allgemeiner Bedeutung bei Lepis-
matidae, in: Arch. Entw. Mech., Leipzig, 23, pp. 615-631.

1915. QuieL. Anatomische Untersuch. an Collembolen, in: Zeit. Wiss. Zool.,
CXIII, p. 113~

1876. REruTger., Catalogus praecursorius Poduridarum Fenniae, in: Medd.
Soc. F. F. Fenn, Vol. 1, pp. 78-86.

1879-1880. ReuTEr. Collembola and Thysanura found in Scotland, etc., in:
Scottish Naturalist, V, pp. 204—

1880. Rruter. S. 1. fonction du tube ventral des Collemboles, in: Ent.
Tidskr., 1. Jg., pp. 62-163.



Dec., 1916.] RELATIONSHIPS OF APTERYGOTAN INSECTS. 297

1880.

1880.

1881,

1890.

1891,

1895.

189s.

1898.

1881,

1911,

111,

1861.

1884.

1912,
1886.

1821,

1891.

1896.

1897.

1898.

1900.

1900.

1910,

ReuTer. Etudes sur les Collemboles, I, I, III, in: Acta Soc. d. Fenn.,
13. (Abstr, in Zool. Jahresb. 1880.)

Riprey. A New Species of Machilis, etc., in: Entom. Mon. Mag.,
XVII, pp. 1-2.

ReuTer. Collembola och Thysanura, in: Meddl. Soc. Fauna Flora
Fenn., 6, pp. 203—

ReuTer. Collembola in Caldariis viventia, etc., Med. Soc. F. F. Fenn.,
17, pp. 17-28.

ReuTER. Podurider fran Nordvestra Sibirien, in: Ofv. Finsk. Vet.
Soc. Foerh., 33, pp. 226-229,

REUTER. Apterygogenca Fennica, in: Acta. Soc. F. F. Fenn., 11, No.
4, PD. 1-35.

Reuter. Finlands Collembola och Thysanura, in: Acta Soc. F. F.
Fenn., 11, Nr. 4, pp. 1—33, Pls. I-II.

ReuTER. Collembola pa snoe, in: Meddl. Soc. F. F. Fenn., 23, pp. 44—
51, Fig. 1.

RipLey. Notes on Thysanura Collected in the Canaries and Madeira,
in: Entom. M. Mag., 18, pp. 14—

Rimsky-Korsakow. U, d, Systematische Stellung der Protura, in:
Zool. Anz., 37, pp. 164—168.

Rimsky-Korsakow. U. d. Organisation der Protura (in Russian) in:
Trav. Soc. Nat. St. Petersburg, XLII, pp. 17—98 (German resume
pp. 96-98).

Ronpani. Entomobryia pro Degeeria, in: Rondani, Dipterol. Ital.
Prodr., 4, pp. 40—~

RoverLrl. Alcune Recerche sul tubo digerente d. Atteri, etc., in: Como,
1884.

RueHL. Protura, in: Soc. Ent. Stuttgart, 27, pp. 62—

Ryper. Development of Anurida maritima, in: Am. Nat., 20, pp. 299—
302,

Say. Descrip. of the Thysanoura of the U. S, in: Jour. Acad. Nat.
Sci. Phila., 2, p. 11.

ScuaerFer, D. Collembolen von Sud-Georgien, etc., in: Jahrb. Wiss.
Anst. Hamburg, o, pp. 1—9, 8 figs.

ScuaAerrer. D. Collembola der Umgebung von Hamburg, in: Mitt.
Naturh. Mus. Hamburg, 13, pp. 147-216, Pls. 1—4.

SCHAEFFER. Apterygota, in: Hamburger Magalhaenische Sammelreise,
1897.

ScHAEFFER. D. Collembola des Bismark-Archipels, in: Arch. Naturg.,
Jg. 64, Bd. 1, Heft 3, pp.' 393—423, Pls. 11—-12.

SCHAEFFER. U. Wiirtembergische Collembola, in: Jahres. Ver. Nat.
Wuerttemburg, 56, pp. 245—280.

SCHAEFFER, D). Arctischen u. Subarct. Collembola, in: Fauna Arctica,
1, pp. 237-258.

ScHEPOTIEFF., Studien ii. niedere Insekten, in: Zool. Jahrb. Abt. Syst.,
28, pp. 121-35.



298 JournaL New YorRK ENTOMOLOGICAL Sociery, [Vol XXIV.

1910. ScHEPOTIEFF. Neue Arbeiten ii. niedere Insekten, in: Zool. Centrlb.,
XVII, pp. 120-142.

1808. ScHErBAKow. Einige Bemerkungen ii. Apterygogenea, etc., in: Zool.
Anz., 21, pp. 57-65.

1898. ScuHERBAKOW. Materials for the study of the Apterygogenea-fauna of
the Vicinity of Kiev (in Russian), Kiew, 1898.

1899. ScuerBAKOw. Z. Collembolen-Fauna Spitzbergens, in: Zool. Anz., 22,
pp. 47— , 3 figs.

1899. ScuerBakow. Collembola (Russian), Kief, 6 pp. 1 PL

1891. Scuoerr. Nya nordiska Collembola, in: Ent, Tidsk, 12, pp. 191-192,
2 figs,

1891. ScHOETT. Beitr. z.‘K. Kalifornischer Collembola, in: Bih. Svensk.
Vet. Akad. Handl. XVII, Afd. 4, Nr. 8, 25 pp., PL

1893-1894. ScHOETT. Z. Systematik u. Verbreitung palaearctischer Collem-
bola, in: Kgl. Svensk. Vet. Akad. Handl., 25, Nr. 11, pp. 1-100, Pl 1-7.

1893-1894. ScHOETT. Beitr. z. K. der Insekten-Fauna von Kamerun, I Col-
lembola, in: Bih, Kgl. Svensk, Vet. Akad. Handl., 19, Afd. 4, Nr. 2,
pp. 1—28, Pls. 1-7.

1894. ScuHoerr. Lipuriden fran Florida, in: Ent. Tidsk. Arg. 15, pp. 128-

1896. Scmoerr. Collembola pa Snoe och is, in: Ent. Tidsk. Arg. 17, pp.
113-128, Pl 3.

1896. ScuorrT. North American Apterygogenea, in: Proc. Calif. Acad. Sci.,
Ser. 2, Vol. 6, pp. 169—-196.

1902. ScHoerr. Etude sur les Collemboles du Nord, in: Bih. Svensk., Vet.
Akad. Handl., 28, Afd. 4, Nr. 2.

1886. Scupper, Description of an Articulate of Doubtful Relationship from
the Tertiary Beds of Florissant, Colorado, in: Mem. Nat. Acad. Sci.,
III, pp. 87—

1890. Scupper. Fossil Insects of N. America, N. Y., 1890 (see page 94— ).

1903. Seaton. The Compound Eyes of Machilis, in: Am. Nat., 37, pp. 319~

329, PL
1895. SmARrp., Aptera, in: Cambr., Nat. Hist., Peripatus Myriapods & Insects,
Pt. I, pp. 180~

1001~19002. SILVESTRI. Materiali per lo Studio dei Tisanuri, in: Bull. Soc.
Ent. Ital., 33, Trimestre 3—4, pp. 204-212, 15 figs.

1903. SILVESTRI. Descrizione di un nuovo genre di Projapygidae, Portici,
1903.

1905. SiLvestri. Thysanura Chilensia, in: Zool. Jahrb. Suppl. 6, Bd. 3, pp.
773-806, 7 Pls.

1905. Siivestri. U. d. Projapygiden u. einige Japyx Arten, in: Zool. Anz.,
28, pp. 638-643.

1905. SiLvesTri. Nuova Contrib, alla Conoscenza dell’ Anajapyx vesicolus,
in: Ann. R, S. sup. d’Agric., Portici, 6, 1905.

1907. Sivvestri. Catalogue des Machilidae de la Collection du Museum
Paris, in: Bull. Mus. Paris, 1907, pp. 32-34.



Dec., 1916.] RELATIONSHIPS OF APTERYGOTAN INSECTS. 299

1907. SILVESTRI. Descrizione di un nuovo genere di insetti apterygoti rap-
presentant di un nuovo ordine, in: Boll. Lab. Zool. Sc. sup. Agr.,
Portici, 1, pp. 296-311, 18 figs.

1909, SILvEsTRI. Nuova specic di Acerentomidae, in: Atti, Accad. Lincei, 18.

1911. Sitvestri. Termitofili raccolti dal Prof. Escherich a Ceylon, in: Zool.
Jahrb. Abt. Systematik, 30, pp. 401-418, Pls, 5-11.

1912a. Siivestri. Tisanuri finoro noti del Messico, in: Boll. Lab. Zool.
Portici, VI, pp. 204-221.

1912b. Sirvestrr. Die Thysanuren des baltischen Bernsteins, in: Koenigsb.
Schr. physik. Gesell., 53, pp. 42—66.

1912¢. SLvesTtri. Contrib. alla conoscenza dei Campodeidae d’Europe, in:
Portici Boll. Lab. Zool. Agr., 6, pp. 110-147.

1913. SiLvesTrI. Tisanuri raccolti dal Dr, T. Traegardh nel Natal e nel
Zululand, in: Ark. Zool. Stockholm, 8, No. 1, pp. 15—

1913. SiLvesTRl. On Some Thysanura in the Indian Museum, in: Rec. Ind.
Mus, Calcutta, o9, pp. 51-62.

1885. SOMMER. U. Macrotoma plumbea, etc., Zeit. Wiss. Zool.,, 41, pp. 683—
718,

1013. STRINDBERG., Embryologische Studien an Insekten, in: Zeit. Wiss. Zool.,
106, Heft 1, pp. 1—227, 71 figs.

1891. StumMMER-TRAUNFELS, Vergl. Untersuch. i. d. Mundwerkzeuge der
Thysanuren und Collembolen, in: Sitzb, K. Akad. Wiss, Wien, Math.
Kl., 100, Abt. 1, Heft 4, p. 216.

1903. SweENK. A Synopsis of the Species of Japyx of North Amer., in:
N. Y. Jour, Ent. Soc., 11, pp. 129-132.

i835. TemrieToN. Thysanura Hibernicae, etc., in: Trans. Ent. Soc. London,
1, pp. 89- '

1882-1883. TormoEsvary. Adatok hazank Thysanura-faunajohz, etc., in:
Magyar Ak. Math. termesz Koezlem, Vol. 18, pp. 119-130; Vol. 19,
pD- 47—

1911. TrAGARDTH. Protura, in: Ent. Tid., 37, pp. 189—200.

1869. TuLLRERG. Om Skandinav. Poduriden, etc., in: Akad. Afhandl. Upsalae,
1869, 21 pp.

1871. TuLLBERG. Foerteckning oefer Svensk. Podurider, in: Ofv. Vet. Akad.
Forh, Arg. 28, Nr. 1, pp. 143-155.

1872. TuLLBERG. Sveriges Podurider, in: K. Sv. Akad. Handl., 10, Nr. 10,
pp. 1-70, Pl 1—-12.

1876. TuLLBERG. Collembola Borealia, in: Ofvers. K. Vet. Akad., Nr. 5, pp.
23—42, Pls. 8-11.

1875. UryaniN. Beog. u. d. Entwicklung der Poduriden, in: Nachr. Moskauer
Gesell. Liebhaber Naturw., 16, Lief. 3, pp. 1—10, Pls. 3-35.

1875-1876. Urjanin, Sur le Developpement des Podurelles, in: Arch. Zool.
Gen. Exper., 4, p. xxix; 5, p. xvii.

1890o. Uzer. Thysanura Bohemiae, in: Sitzb. K. Boehm. Gesell, Wiss., pp.
1-82, Pls. 1-2.



300

1895,

1897.

1897.

1808.

1802.
1895.

1896.

1897.

1902,

1903,

1903.

1903.

1903.

1904.

1904.

1910,

1896.

1902.

1899.

1899.

1900,

JournaL NEw York EntomorocicaL Sociery. [Vol XXIV.

Uzer. Studien 1., d. Entwicklung der Apterygoten Insekten, Berlin,
18¢s.

Uzer. Beitr. z. Entwicklungsgeschichte von Campodea, in: Zool. Anz.,
20.

Uzer. Vorlauf. Mitteil. 4. d. Entwicklung der Thysanuren, in: Zool.
Anz., zo.

Uzer. Studien ii. d. Entwicklung der Apterygoten Insekten, Kownigs-
graetz, 1898.

VALCKENAER. Hist, nat. d. Inscctes Aptéres.

VErRHOEFF. Cerei u. Styli der Tracheaten, in: Ent. Nachr., Jg. 21, pp.
166—168.

VErHOEFF. Z, Morphologie der Segment-Anhaenge bei Insekten u.
Mpyriopoden, in: Zool. Anz., 19, pp. 378-383, 385-386.

VERHOEFF. Bemerk. u. Abdominale-Koerperanhaenge bei Insekten u.
Myriopoden, in: Zool. Anz., 20, pp. 293—300.

VERHOEFF. Vergl. Morph. d. Laufbeine d. Opisthogoneata, in: Nova
Acta. K. L. Acad., 81.

VERHOEFF. Z. Vergl. Morphol. der Coxalorgane u. Genitalanhaenge
der Tracheaten, in: Zool., Anz., 26, Nr. 687, pp. 60—77.

VErRHOEFF. U. d. Interkalarsegmente der Chilopoden mit Berueck-
sichtigung der Zwischensegmente der Insekten, in: Arch, Naturg. jg.
1903, Bd. 1, Heft 3, pp. 427—

VErHOEFF. U. d. Endsegmente des Koerpers der Chilopoden, Dermap-
teren u. Japygiden, etc., in: Nova Acta Abh. k. L. C. D. Akad. Naturf.
Halle, LXXXI, Nr. 5, pp. 259-297, Pls. 18-19.

VERHOEFF., U. Tracheaten-Beine, 2 Aufsatz, in: Zool. Anz., 26, pp.
205-214, 3 Aufsatz, in: Sitzb. Ges. Nat. Fr, Berlin, Nr. 2, 4-5 Auf-
satz, in: Nova Acta Leop. Carol., Halle, 81, Nr. 4.

VERHOEFF. Z. Vergl. Morphol. u. Systematik der Japygiden, in: Arch,
Naturg., Jg. LXX, Bd. 1, Heft 1, pp. 63-114, 3 Pls.

VERHOEFF. U. Vergl. Morphol. des Kopfes niederer Insekten, in:
Nova Acat. Leop. Carol., LXXXIV, Nr. 1, pp. 1-126, Pls, 1-8.

VERHOEFF. U. Felsenspringer, Machiloidea, in: Zool. Anz. (3-4 Auf-
satz), Bd. 36, pp. 385—390, 425-438. 5 Aufsatz, Bd. 38, 1911, pp.
524-563.

VoGLER. Beitr. z. K. d. Springschwaenze, in: Illust. Ent. Wochensch.,
1896.

Voicts. Verzeichnis der i. Jahr 19o1 um Goettingen gesammelten Col-
lembolen, in: Zool. Anz., 25, pp. 523~524.

Wanreren, U. d. von der Schwedischen Polarexpedition gesemmelten
Collembolen, in: Ofv. K. Vet. Foerh. Arg. 56, Nr. 4, pp. 335-340.

WanLGREN. Beitr, z. K. d. Collembola-Fauna der ausseren Schaeren,
in: Ent. Tidsk. Arg. zo, Heft. 2—3, pp. 183-193.

WanLGreN. Collembola wihrend d. Schwed. Groenlands-Expedit. auf
Jan Mayen u. Ost-Groenland eingesammelt, in: Afv. Ak, Forh.,, LVII,
1900, pPp. 353—



Dec., 1916.] RELATIONSHIPS OF APTERYGOTAN INSECTS. 301

19071,

1906,

1907.

1909.
1909.

1894.

1893.
1803.

1892.

1897.

1897.

1899.

1900.

1902.

1902.

1902.

1902,

1913,

1879.

WanLGreN. U, einige neue Collembola Formen aus dem Siidwestlichen
Patagonien, in: Ent. Tidsk., Arg. 21, pp. 265-270, Pl 2.

WaHLGREN. Svensk, Insektenfauna, in: Ent. Tidsk., Vol. 27, pp. 233—
270.

WanrGren. Collembola from the Second Fram Expedition, in: Kris-
tiania Rpt. 2d. Norwegian Arct. Expedit. in the Fram, No. 10, pp. 6—

WanrereN. Islaendska Collemboler, in: Ent. Tidsk., 30, pp. 180—

WAHLGREN. Apterygoten aus Aegypten u. dem Sudan, Verbreitung u.
Systematik der Collembolen, in: Jagerskiold, Results of the Swedish
Zool. Expedit. to Egypt and the White Nile, Uppsala, Pt. 3, No. 15,
pp. 1—72 (Thesis Uppsala, 1906).

WasmanN. Kritisches Verzeichnis der Myrmecophilen u. Termitophi-
len Arthropoden, Berlin, 1894.

WHEELER, A Contrib. to Insect Embryology, in: Jour. Morph., 8, 1893.

‘WaEELER. The Primitive Number of Malpighian Vessels in Insects,
Psyche, 1803, VI.

WiLLEM. L’organe de Toemoesvary de Lithobius forficatus, in: Bull.
Seanc. Soc. Roy. Malacol. Belgique, XXVIII, 1892,

WiLLem & SaBBe. Le tube ventral et les glandes cephaliques des
Sminthures, in: Ann. Soc. Ent. Belgique, 41, pp. 130-132.

WiLLeM. Les Yeux et les Organes postantennaires des Collemboles,
in: Ann. Soc. Ent. Belg., 41, pp. 225-226.

WiLLEM. Recherches s. les Collemboles et Thysanures, in: Memoir
(Couronne) Sav. Etr, Acad. Roy. Belgique, Gent, 1899, 58, pp. 1-144,
17 Pls,

WicLeMm. Les glandes cephaliques des Orcheselles, in: Arch, d. Biol.,
177, pPp. 653—

WiLLEM. Note prelim. sur les Collemboles des Grottes de Han et de
Rochefort, in: Ann. Soc. Ent. Belgique, 46, pp. 275-283.

WiLLEM. Collemboles, in: Result. d. Voy. Belgica; Rapports Scient.,
Zoologie, Anvers, 1902.

WiLrLEm. La position des Anurophoriens dans la classification des Col-
lemboles, in: Ann. Soc. Ent. Belg., 46, pp. 21-23.

WiLLEM. Les Rapports d’Actaletes avec les autres Collemboles, in:
Ann. Soc. Ent. Belg., 46, pp. 11—-12.

WirLiamMs, A Summary of the present Knowledge of the Protura, in:
The Entomologist, London, 46, p. 225-232.

Woop-Mason. Morphological Notes Bearing on the Origin of Insects,
in: Trans. Ent. Soc. London, 1879, pp. 145-167, 2 figs.



